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During June 2009 Routine AAF (Atmospheric
Radiation Measurement, or ARM, Aerial
Facility) CLOWD (Clouds with Low Optical
Water Depths) Optical Radiative
Observations (RACORO) field mission, the
NASA Langley Research Center (LaRC)
airborne High Spectral Resolution Lidar
(HSRL) and the NASA Goddard Institute for
Space Studies (GISS) Research Scanning
Polarimeter (RSP) on the NASA B200 aircraft
measured aerosol and cloud properties.

Background RACORO Operations
High Spectral Resolution Lidar (HSRL) Research Scanning Polarimeter (RSP)

Instruments aboard King Air B200

• Independently measures aerosol and cloud
extinction and backscatter profiles at 532 nm

• Profile Measurement capabilities
• Extensive measurements

• Backscatter at 532 and 1064 nm
• Extinction at 532 nm

• Intensive measurements
• Color ratio (or Angstrom coeff.) for

backscatter (β1064/ β532)
• Extinction-to-backscatter ratio at 532 nm
• Depolarization at 532 and 1064 nm

• Precursor to APS on NASA Glory mission
• Measures total and linearly polarized reflectance

in 9 spectral bands (412 nm – 2250 nm)
• Columnar Aerosol retrievals

• Optical depth, Size distribution,
Refractive index

• Cloud retrievals
• Optical depth, Effective radius, variance of

cloud droplet size distribution, Cloud top and
base heights, and liquid water path and
droplet number distribution

• King Air B200 based in
Ponca City, OK

• 19 science flights
• 15 flights coordinated with

Twin Otter
• 4 flights included underpass

of CALIPSO and A-Train
• 16 flights included overpass

near or over DOE ARM SGP
site

• HSRL measurements over 30 minute portion (16:30-17:00 UT)
• Vertical variability of aerosol parameters within PBL due to

changes in RH
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Airborne HSRL and RSP data were acquired during RACORO (June
2009) and used to:
• Investigate variations in aerosol properties near clouds and due to

changes in relative humidity
• Evaluate RSP retrievals of cloud properties

– Cloud drop size parameters derived from RSP are in good
agreement with in situ FSSP measurements

• Provide vertical context for the Twin Otter in situ measurements
• Visualize the PBL height and distribution of aerosols within and

above the PBL
• Characterize vertical and horizontal distribution of aerosol and

aerosol optical properties, including mapping aerosol by type and
partitioning optical depth by type

Summary

Current methods for remote sensing of cloud droplet size in the solar
spectral domain use:
• Reflectance in an absorbing and non-absorbing band (e.g. Nakajima

and King, Platnick et al. using MODIS)
• Polarized reflectance observations (e.g., Bréon et al. using POLDER)
• At present no instrument except RSP allows both methods to be

used simultaneously.

RSP retrievals

Cloud droplet size retrievals from polarized reflectance in
rainbow region

June 18 - Twin Otter near cloud top:
Mean droplet size parameters from FSSP (Twin Otter) and RSP
(King Air) are in general agreement: Reff = 5-7 m, Veff = 0.05-0.07

All June 2009 Flights

Aerosol type inferred to be
urban pollution provided

largest contribution to
aerosol optical thickness

Variation of aerosol parameters within PBL
associated with humidification

Aerosol Type Analysis
June 17th, Flight #2

Sensitivity of polarized reflectance to effective radius (left) and
variance (right) of cloud droplet size distribution.
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Reff = 7.5 m, Veff = 0.03
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Reff = 5.5 m, Veff = 0.05
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Reff = 6 m, Veff = 0.075
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Planetary Boundary Layer (PBL) heights and transition zones were obtained from
HSRL backscatter coefficients

June 8th June 17th, Flight #2 June 18th

Aerosol Backscatter

Relative Humidity (%)

Raman lidar measurements of
aerosol humidification

Backscatter

Extinction Ratio of aerosol depolarization (532/1064)

Lidar Ratio Backscatter Wavelength Dependence

Aerosol depolarization

June 8 - Coordinated B200-Twin Otter Flight
Twin Otter Altitude

Aerosol type vs. Altitude

AOT apportioned by type


